Cetirizine dihydrochloride has a very unpleasant bitter taste. To mask the bitter taste, complexation with β-cyclodextrin using ethanol as a kneading solvent was investigated and evaluated by Fourier transform infrared spectroscopy, differential scanning calorimetry, powder X-ray diffractometry, thermogravimetric analysis, simultaneous X-ray diffractometry-differential scanning calorimetry measurement and 1 H-nuclear magnetic resonance spectroscopy. Taste was evaluated by human volunteers using an unstructured line scale. The basic characterization of the prepared tablets including in vivo disintegration time and drug dissolution was studied. Fourier transform infrared spectroscopy, differential scanning calorimetry and powder X-ray diffractometry data confirmed the inclusion complex formation. Thermogravimetric analysis, simultaneous X-ray diffractometry-differential scanning calorimetry measurements revealed the reduction of crystalline β-cyclodextrin due to the displacement of water molecules from complex formation. Proton nuclear magnetic resonance spectroscopy indicated an intermolecular interaction between protons of cetirizine dihydrochloride with the cavity of β-cyclodextrin. The prepared complex showed an unstructured line scale with apparent low average rating of 1.70. The inclusion complex-loaded fast disintegrating tablet prepared with direct compression had short disintegration time and good taste with an unstructured line scale with average rating of 0.28. Cetirizine dihydrochloride, β-cyclodextrin inclusion complex was successfully prepared by kneading method using ethanol as solvent. The inclusion complex-loaded fast disintegrating tablet had good taste and good perception in the mouth.
Research Paper
Fast disintegrating tablet (FDT) dissolves or disintegrates in saliva within seconds when placed on the tongue before it is swallowed [1] [2] [3] [4] [5] . Unfortunately, cetirizine dihydrochloride (CTZ) has a very unpleasant bitter taste. Many strategies have been reported to decrease the bitter taste of CTZ. Some strategy is to use lipophilic Gelucire ® 33/01 in the presence of soybean lecithin to markedly reduce the bitterness without affecting CTZ release [6] . Besides, the efficient effect on masking CTZ bitterness, cyclodextrins (CD) as well could influence the drug release from the formulation. The presence of β-cyclodextrin (β-CD) resulted in an increase of cetirizine release [7] . The inclusion complex between CTZ and β-CD prepared using a supercritical antisolvent (SAS) process and freeze drying method presented the same efficacy in regards to the dissolution characteristics [8] . CD and its derivatives were used as taste masking agents for the preparation of rapidly dissolving films of CTZ by using a solvent casting method. The optimized ratio of 1:3 CTZ:hydroxypropyl β-CD was appropriate for taste masking [9, 10] . CTZ was coated by a fluidized bed coating using Eudragit ® RL30-D and taste-masking evaluation was performed by healthy human volunteers and their perceived levels were recorded on a numerical scale [11, 12] . Moreover, rizatriptan benzoate and β-CD prepared by kneading with distilled water demonstrated effective taste masking [13] . Therefore one of the methods of CD complexation is kneading method. Ethanol is widely used for wet granulation process in industry thus the kneading method with this solvent is effective and simple for developing in large scale or industrial manufacturing.
The present work was conducted to investigate the application of β-CD for taste masking of CTZ, and the kneading method using ethanol as solvent, was employed to prepare the CTZ, β-CD inclusion complex. The formation of inclusion complexes with β-CTZ were characterized by Fourier transform infrared spectroscopy (FTIR), differential scanning calorimetry (DSC), powder X-ray diffractometry (PXRD), thermogravimetric analysis (TGA), simultaneous XRD-DSC measurement and 1 H-nuclear magnetic resonance spectroscopy ( 1 H-NMR). Finally, the taste perception study was carried out by human volunteers to evaluate the taste masking ability of inclusion complex and CTZ FDT. Therefore, the purpose of this research was to prepare and evaluate the inclusion complex between CTZ and β-CD using ethanol as solvent with kneading technique for taste masking. CTZ and β-CD FDTs were also prepared and evaluated.
MATERIALS AND METHODS
CTZ, β-CD, sodium stearylfumarate (Alubra ® ) and aspartame were supplied by Pharmanueva Co., Ltd., Bangkok, Thailand. Ethanol (Absolute, AR grade) was purchased from VWR International SAS, France. Ludiflash ® was supplied by BASF, Bangkok, Thailand. Aerosil 200 was purchased from Wacker-Chemie GmBH, Germany. Menthol and caffeine anhydrous was purchased from P. C. Drug Center Co., Ltd., Bangkok, Thailand. Lemon flavour (Reg. No. 199705186M) was supplied by Silesia flavour S.E.A. Pte, Ltd., Singapore. Potassium bromide (KBr, spectrograde) was purchased from Fisher Scientific UK limited, UK. Deuterium oxide (D 2 O 99.9%) was purchased from Sigma-Aldrich Co., Missouri, USA. Phosphoric acid 85% was purchased from Merck KGaA, Darmstadt, Germany and acetonitrile was purchased from V. S. ChemHouse, Bangkok, Thailand.
Preparation of inclusion complex:
This study used CTZ to β-CD at 10:260 mg ratio as reported in a previous work [14] . Both compounds were mixed and ground in a mortar with a pestle for 1 min. Then, 1 ml of ethanol was added to the mixture and the obtained paste was further kneaded for 3 min. After mixing, the end product was dried in the hot air oven (UT6760, Heraeus, Kendro Laboratory Products, Germany) at 50° for 2 h and kept in desiccator before characterization. The physical mixture (PM) with the same ratio was also prepared by mixing without ethanol.
FTIR spectroscopy:
Approximately 2 mg each sample was mixed and ground with 100 mg KBr before compressed into pellet using KBr die kit. Spectrums were scanned using FTIR spectrometer (FT/IR-4100 (JASCO International Co., Ltd., Tokyo, Japan), Spectra manager version 2.2.9.1 (JASCO International Co., Ltd., Tokyo, Japan) between the wave number ranges of 400-4000 cm -1 with 32 scans at 4 cm -1 resolution.
DSC:
The thermal properties of samples were determined using DSC (DSC 8500, PerkinElmer, Inc., MA, USA). Small pieces of the samples were weighed accurately 5 mg into aluminium pan (PerkinElmer, Inc., MA, USA) and sealed. DSC was operated under dry nitrogen atmosphere. Measurement temperature was set at the ranges of 0-300° with heating rate of 10°/min.
PXRD:
The samples were analysed under the X-ray powder diffractometer (Miniflex II, Rigaku Corp. Tokyo, Japan). The X-ray source was Cu-Kα, which employed the x-radiation of wavelength λ=1.5418 Å between a 2θ angle ranges of 4° to 60° with voltage of 30 kV and current of 15 mA. The samples were filled and compressed into a glass sample holder with 0.2 mm depth before test.
TGA:
TGA was carried out by using a thermogravimetric analyser (TG8120, Rigaku, Tokyo, Japan). Samples of 10 mg were weighed into an open alumina crucible under the purging nitrogen gas. The dynamic experiment was carried out in the temperature ranges of 20° to 400° under the purging nitrogen gas at heating rate of 10°/min.
Simultaneous XRD-DSC measurement:
The method for XRD-DSC measurement was studied using a Rigaku XRD-DSC II system (Riguku Corporation, Tokyo, Japan). Briefly, 5 mg of samples were weighed into opened aluminium pans. The heating rate of DSC was 10°/min and nitrogen gas was purged at flow rate of 100 ml/min. X-ray diffraction was then measured simultaneously at 40 kV and 40 mA.
shielded z-field gradient capability. All experiments were conducted using D 2 O (99.95% isotopic purity) as solvent. The probe temperature was regulated to 300 K.
Taste evaluation of inclusion complex:
Gustatory sensation test was carried out by panel of human volunteers, which informed consent was approved by the Ethics Committee (ID 7/2557, 6/2557) of Faculty of Pharmacy, Silpakorn University. For this purpose, the 6 healthy human volunteers, of either sex, in the age group of 20-35 y were selected out from 20 volunteers based on taste sensitivity test from training. The 6 healthy human volunteers were trained to recognize a level of bitter taste of CTZ. Caffeine was used as the standard of bitter taste to compare and recognize a bitter taste level of CTZ [15] [16] [17] .
Determination of threshold bitterness concentration of CTZ was determined using the series of caffeine standard solutions of different concentrations (0.05, 0.15 and 0.2 mg/ml). When the volunteers could pass the training, they would be accepted for testing the bitter taste of sample. CTZ powder was placed in mouth for 15 s to compare with inclusion complex equivalent to 10 mg CTZ and its PM. After expectoration, the bitterness level was recorded and thereafter the samples were spit out. The oral cavity was rinsed with distilled water twice (200 ml per each time). The time between the testing of each sample was 10 min. The scaling technique for this study was unstructured line scale for grading of the bitterness as following levels: 0=no bitterness and 12=strongly bitter as previously reported [15] [16] [17] . After evaluation by volunteer, the result was calculated for mean and standard deviation. Significant differences among the test scores were analysed using the R-stat test version 3.0.1; a value of P<0.05 was accepted as index of a significant difference.
Preparation of CTZ, β-CD FDT:
The direct compression method was used to prepare CTZ, β-CD FDT complex equivalent to 10 mg of drug was taken along with diluent (Table 1) . However, the β-CD amount was lowered to decrease the tablet weight and then other favouring agents were used to mask the tastes of drug (Table 1) . Ludiflash ® , Aerosil 200, Alubra ® , aspartame, menthol and lemon flavour were used as fast disintegrating diluent, glidant, lubricant, sweetening, cooling agent and flavouring agent, respectively. All the ingredients were weighed and passed through sieve #30. Then, the powders except lubricant were mixed geometrically in plastic bottle. Finally, Alubra ® was added and mixed in plastic bottle. Tablets were compressed on single punch tablet machine using round concave punch of 9 mm diameter. The hardness of the tablet was maintained at 3 kp.
Evaluation of CTZ FDTs:
The prepared tablets were evaluated for the following different characteristics like weight variation, disintegration time, in vitro dissolution profile. The weight variation test was performed on 20 randomly collected tablets from a batch. The procedure described in USP 37 NF 32 [18] was followed for this test. Weight variation test was done by weighing 20 tablets individually. For content uniformity and assay were conducted with the HPLC method as described in USP 37 NF 32 [19] .
Disintegration time was tested following method. Six tablets were placed individually in each tube of disintegration apparatus and the discs were placed. The distilled water was maintained at a temperature of 37±0.5° and the time taken for all tablets to disintegrate in this immersion fluid completely was recorded.
The dissolution of CTZ from FDT was determined by USP dissolution testing apparatus II (paddle method). The dissolution test was carried out using 900 ml water, at 37±0.5° and 50 rpm. A sample (10 ml) of the solution was withdrawn from the dissolution apparatus at different time interval. An aliquot of 10 ml was collected at predetermined time intervals and replaced with fresh dissolution medium. Samples were analysed by HPLC as assay method with some modification [18] .
In vivo disintegration time and taste masking:
Evaluation of taste masking was done using the intensity method on panel of 6 healthy human volunteers with informed consent approved by the ethics committee (ID 7/2557, 6/2557) of Faculty of Pharmacy, Silpakorn University. Prior to the test the volunteers were instructed to rinse their oral cavity with distilled water. Each volunteer was asked to place one FDT on the tongue. Volunteers were strictly informed not to chew or swallow the tablets, though licking was allowed. The end point for disintegration was recorded when there was no lump left in the oral cavity. After the test was finished, volunteers rinsed their mouth properly. Bitterness, mouth feeling and disintegration time were recorded immediately. The scaling technique for this study was unstructured line scale for grading of the bitterness as following levels: 0=no bitterness and 12=strongly bitter [15] [16] [17] . Significant differences among the test scores were analysed using the R-stat test version 3.0.1; a value of P<0.05 was accepted as index of a significant difference.
Statistical analysis:
Statistical significance of the measurements was examined using one-way analysis of variance (ANOVA) followed by the least significant difference (LSD) post hoc test. The significance level was set at P<0.05. The analysis was performed by using SPSS for windows (version 11.5).
RESULTS AND DISCUSSION
The prepared inclusion complex was white and fine powder without stickiness. Fig. 1 shows the FTIR spectra for CTZ, β-CD, PM of CTZ and β-CD and also inclusion complex of CTZ and β-CD. The carbonyl group of CTZ exhibited an intense absorption peak between 1500 and 1700 cm −1 due to its stretching vibration. CTZ exhibited a strong absorption peak at 1700 cm −1 of the carbonyl stretching vibration. In the PM, as compared to pure CTZ, the spectrum showed a less intense absorption peak at 1700 cm
. Moreover, the spectrum of the inclusion complex displayed almost similar to the pure β-CD.
The DSC thermogram of CTZ ( fig. 2 ) exhibited an endothermic peak at 220° corresponding to its thermal decomposition. β-CD showed a broad endothermic peak at about 90°. The PM showed two endothermic peaks, one for the β-CD at 90° and another for the CTZ at 220°. Moreover, the DSC curve displayed by the inclusion complex is similar to that of pure β-CD. The formation of inclusion complex was identified by PXRD as presented in fig. 3 4A ) that exhibited at the same position as previous powder X-ray measurement. Moreover, DSC thermogram showed the characteristic peak of CTZ at around 180-220° in line with previous study, which reported at 220° [ 19] . The simultaneous XRD-DSC data of the β-CD, PM and inclusion complex, were also recorded ( fig. 4B-D ). There were three crystalline peaks of inclusion complex at around 10.85°, 13.58º, 19.64° 2θ positions. The first stage of inclusion complex showed characteristic peak of X-ray pattern at 10.85° 2θ position and showed the loss of water molecules of β-CD from DSC thermogram around 70°. Moreover, PM exhibited the characteristic peak of X-ray pattern at 9.1°, 11.6°, 13.84°, 19.64° 2θ positions whereas the inclusion complex showed at 10.85°, 13.58°, 19.64° 2θ positions.
TGA was done on samples to identify the change in weight percentage with respect to temperature change. Fig. 5 shows the TGA thermograms of pure CTZ, β-CD, PM, inclusion complex. β-CD exhibited two stages of weight loss. The first stage was due to the loss of water molecules at 50°, which was located in the cavity of β-CD and the weight loss at 300° was also found. The inclusion complex showed the weight losses in three stages. 1 H NMR spectroscopy of CTZ, β-CD, PM, CTZ, β-CD inclusion complex prepared by kneading method is showed in fig. 6 and the chemical shift together with assignments are presented in Table 2 . In this study, only β-CD and inclusion complex protons were discussed because too many peaks were overlapped in 7.4-7.7 ppm region of CTZ, which related to the aromatic ring resonance [8] . From Table 2 and fig. 4C , some chemical shifts were observed for H 1 , H 2 , H 3 , H 4 , H 5 and H 6 . The largest chemical shift changes of CTZ were investigated for H 3 and H 5 cavity protons, resulting from intermolecular interactions with guest protons residing in the CTZ cavity. Changes in chemical shift were determined to some extent for all CTZ protons, and the highest change was observed at the phenyl and chlorophenyl ring protons.
An unstructured line scale was used for the quantification of the results from taste sensory study as presented in fig. 7 . Generally, all examiners demonstrated overall the same pattern of bitterness perception for the CTZ. The overall ratings for various samples were obtained and the mean±SD rating was used to qualify the taste masking efficiency. Inclusion complex showed an average rating of 1.75 (SD=0.22) as compared to 11.55 (SD=0.09), 8.4 (SD=0.28) in case of CTZ powder and CTZ, β-CD PM, respectively.
Percent weight variation was within the prescribed official limits, and in an assay was found to be in the range of 97-98% (Table 3) within the acceptable limit. Content uniformity for the tablets is shown in the Table 3 . The low value of standard deviation indicated the uniformity of drug content. The disintegration time of tablets was less than 60 s. The in vitro fast drug dissolution of tablets was attained with 99.5% within 10 min (fig. 8) . The disintegration time of the CTZ, β-CD FDTs in the mouth of the volunteers was 33 s (Table 3) . Thus, a fast disintegration tablet was successfully achieved. CTZ, β-CD FDT showed an improved to no bitterness perception with which an average rating of was 0.28 (SD=0.26) and significantly different from that of CTZ (average rating of 11.55, SD=0.82, P<0.05). Moreover, all the volunteers experienced a pleasurable sensation in the mouth when FDT dissolved in the mouth with a minimum of grit with the fragrance of lemon and mint with sweet taste of aspartame.
The FTIR spectrum of the inclusion complex displayed almost similar to the pure β-CD indicating that during the formation of the inclusion complex, CTZ was introduced into the cavities of β-CD. Therefore FTIR analysis demonstrated the interaction and complex formation between CTZ and β-CD. Previous study reported that cetirizine showed strong absorption peak at 1741 cm −1 and the spectra of inclusion complexes were similar to that of β-CD [8] . From DSC, CTZ exhibited an endothermic peak at 220° corresponding to its thermal decomposition which was in agreement with previous investigation [19] . The endothermic peak of β-CD showed a broad peak about at 90°, which attributed to a dehydration process. β-CD exhibiting a broad peak about 91.82° has been reported previously [20] . Moreover, the DSC curves of the inclusion complex displayed almost similar to that of the pure β-CD indicating that during the formation of the inclusion complex, CTZ was introduced into the cavities of β-CD. Loss of crystallinity from XRD of the complexes may signify the presence of reciprocal interactions between drug and β-CD [21, 22] . Moreover, the X-ray pattern of the inclusion complex displayed almost similar to the pure β-CD. Therefore, these results confirmed that CTZ was included in the β-CD cavity.
Simultaneous XRD-DSC data indicated that the inclusion complex started to lose water from β-CD cavity at 71° as reported previously [21, 23] . Consequently, the second stage of inclusion complex showed X-ray pattern at 13.58° 2θ and the exothermic peak of inclusion complex from a decomposed β-CD was found around 230°. Some research reported the second decomposition of inclusion complex at 225° [ 24] . The third stage at 19.64° 2θ was probably owing to the decomposition of CTZ which showed the exothermic peak around 220° [ 19] . Additionally, XRD pattern of the inclusion complex was similar to that of β-CD indicated that CTZ was included into cavity. The changes in diffractogram clearly indicated the transformation of the crystalline form to another by removal of water molecules. When the water molecules were released from the cavity of β-CD, the crystallinity of complexes deteriorated [25] . The main driving force of complex formation was the release of enthalpy-rich water molecules form the cavity. Water molecules were displaced by more hydrophobic guest or partial guest. Furthermore, the bindings of CTZ within β-CD cavity decreased the ring strain as well as increasing the number of hydrogen bonds formed as the displaced water returned to the larger pool resulting in the changing 2θ positions of inclusion complex compared with PM. Therefore, water molecules played an important role for formation of inclusion complex. Ethanol has been used as solvent for kneading method because it could dissolve CTZ and β-CD [26, 27] .
Weight loss from TGA found at 220° related to the endothermic peak of DSC corresponding to its thermal decomposition while that at 300° indicated its decomposition temperature as mentioned previously [28] .
The inclusion complex showed the weight losses in three stages. The first stage was the dehydration of water molecules, the second stage was due to the decomposition of CTZ and the third stage was the decomposition of β-CD. In comparison, to confirm the formation of the inclusion complex, the first weight loss for the inclusion complex started around 30° whereas the first weight loss for the PM started around 50° which was almost similar to the water loss of β-CD. In addition, the second weight loss for the inclusion complex started at 250° whereas it started at 200° for the PM but for the β-CD it occurred at 310°. Previous study mentioned that the formation of inclusion complex decreased the thermal stability of β-CD [29] .
Insertion of a guest molecule into the hydrophobic cavity of the β-CD resulted in the chemical shift (Δδ) of guest and host molecules in the NMR spectra. The largest chemical shift changes of CTZ were investigated for H 3 and H 5 cavity protons, resulting from intermolecular interactions with guest protons residing in the CTZ cavity. Chemical shift changes were determined to some extent for all CTZ protons, and the highest change was observed at the phenyl and chlorophenyl ring protons. Therefore, this shift provided the indication for the formation of the inclusion complex between β-CD and CTZ [30] [31] [32] [33] [34] .
From taste sensory study, the bitterness of complex is significantly different from CTZ powder and PM (P<0.05). CTZ was notably bitter and slightly sour due to its dihydrochloride salt form [7] . Based on the average ratings it could be concluded that CTZ was successfully complexed in the cavity of β-CD using kneading method, which prevented a contact of CTZ with taste bud receptors. The prepared CTZ, β-CD FDTs exhibited proper physical properties with fast in vitro and in vivo disintegration and also fast drug dissolution. CTZ, β-CD FDT showed good taste and low bitterness, which all the volunteers experienced a pleasurable sensation in the mouth. In conclusion, FDT of CTZ, β-CD exhibited good palatability.
CTZ, β-CD inclusion complex was prepared successfully with the kneading method using ethanol as a solvent. All the data obtained from the FTIR, DSC, X-ray diffraction, TGA, simultaneous XRD-DSC measurement, 1 H NMR spectroscopy and SEM studies confirmed the formation of an inclusion complex. In addition, inclusion complex reduced the bitter taste of CTZ after testing with an unstructured line scale. The taste evaluation by human volunteers demonstrated that the CTZ, β-CD FDT had good taste, good perception in the mouth and reduced bitterness. 
